Background: Pituitary carcinoma is very rare and hard to diagnose. However, some atypical pituitary adenomas present with a high rate of proliferation and extensive invasion, suggesting a tumor with a high degree of malignancy. Case presentation: Here, we present a case study of this type of tumor. A 46 years old women was admitted for headaches and impaired vision, and MRI and CT revealed a sellar lesion. She underwent a transsphenoidal surgery followed by radiotherapy, but the tumor recurred only one month later. She decided to undergo a second and third operation. The final pathology showed a non-functioning adenoma that was approximately 80% ki-67-positive and extensively p53-positive. No metastasis was found. The tumor progressed extremely quickly, and the patient died 7 months after the initial diagnosis. Conclusions: A pituitary adenoma like this should be treated like a carcinoma, and early treatment may increase the likelihood of survival. A traditional diagnosis standard is unfit for this type of tumor.
Background
Pituitary adenomas comprise approximately 15% of all intracranial tumors. These tumors arise from adenohypophyseal cells and were once considered to be the most common benign neoplasm in the sellar region. However, recent evidence has suggested that while metastasis is rare in these tumors, their designation as benign should be revised. Some aggressive tumors that develop metastases are defined by the World Health Organization (WHO) as carcinomas because they cannot be controlled by any available treatments. Pituitary carcinoma is rare, accounting for about 0.1% of all pituitary adenomas [1] . However, some pituitary adenomas without metastasis display clinically aggressive behavior with multiple recurrences, and they often present a significant therapeutic challenge because conventional therapies may be partially or wholly ineffective. We refer to these tumors as atypical pituitary adenomas (APAs). APAs are thought to be precursor lesions of pituitary carcinoma.
Here, we present a case study of an atypical pituitary adenoma with a high degree of malignancy.
Case presentation
A 46-year-old female presented with one year of frequent recurrent headaches followed by two months of bilateral visual field defects. Her medical history was uneventful. The physical examination was unremarkable. Laboratory tests identified a non-functioning pituitary adenoma. Magnetic resonance imaging revealed an intrasellar and suprasellar tumor. The tumor was partially resected using a transsphenoidal approach in a local hospital in August 2009. Intraoperatively, the tumor appeared to be a typical pituitary adenoma. The postoperative pathology revealed that the tumor was a hormonally inactive benign pituitary adenoma. Her postoperative recovery went well. One week after the operation, she underwent γ-knife therapy. Her preoperative symptoms had gone into remission. However, one month after the operation, the patient began to feel headaches again, and MRI showed that the tumor had recurred, suggesting extremely rapid regrowth. To cure the disease, she underwent a transcranial operation. The operation outcome was unsatisfactory. Only a She underwent a third surgery in our hospital. Preoperatively, her MRI (see Fig. 1 ) and CT showed an intrasellar, parasellar and suprasellar mass that had invaded the left cavernous sinus, sphenoid, left orbital bones and left middle cranial fossa. The tumor had become more invasive and much larger. After careful examination, including CT and ultrasonic wave imaging, no metastatic tumors were found at any location in her body. Her symptoms worsened. A transcranial surgery was then performed. An experienced neurosurgeon who had been performing pituitary surgeries for twenty years resected the tumor. Intraoperatively, the tumor was found to be very hard and it bent easily, which was atypical for this type of tumor. The tumor showed marked invasiveness. A near total resection was achieved. A post-operative histological examination revealed that the tumor was an atypical pituitary adenoma with high degrees of malignancy and proliferation. Hematoxylin and eosin staining showed clear cell nucleus heteromorphism and frequent mitosis. In immunocytochemistry, the tumor was divided into a non-function adenoma and a region that was partially positive for vimentin and negative for cytokeratin (CK). Carcinoembryonic antigen (CEA) and epithelial membrane antigen (EMA) staining were also negative. Cluster of differentiation (CD) 35 staining was positive. The tumor was approximately 80% positive for the proliferative index Kiel University (Ki) 67 (Fig. 2) , and it was strongly positive for p53 (Fig. 2) .
The patient's postoperative recovery period was unpleasant. Her general health condition worsened each day. Finally, she and her husband decided to stop therapy, and she spent her last days in hospice care. The patient died 7 months after the initial therapy and 1 month after the third operation.
Discussion and conclusions
Pituitary carcinoma is a very uncommon condition that accounts for merely 0.1% of all pituitary adenomas. Most pituitary carcinomas develop as a result of invasive relapse or from a previously operated or irradiated invasive adenoma, which may have been the case in this patient. However, this patient did not show any symptoms of metastases. We can only refer to this tumor as an atypical pituitary adenoma, which is defined as a tumor that presents with aggressive biological behavior, an elevated mitotic index (e.g., ki-67 > 3%) and extensive p53 expression [2] . This patient died 7 months after the first therapy for this tumor was performed. Her prognosis was as bad as for a carcinoma. To some extent, this tumor was more malignant than a pituitary carcinoma, which predicts a poor prognosis with a mean survival of 1.9 years (range, 3 months to 8 years) following the initial diagnosis [3] .
Because of the poor prognosis associated with these tumors, when a pituitary atypical adenoma such as this tumor is identified, we should view the tumor differently. In practice, histological, immunohistochemical, radiographic, and ultrastructural analyses are limited in their ability to distinguish between typical and atypical adenomas and malignant carcinomas [1] . A great deal of effort has been made to identify new markers that can be used to distinguish pituitary carcinomas from pituitary tumors with malignant features like the tumor in this patient. Significant advances have been made in the area of the molecular mechanisms that underlie pituitary tumor transformation, and some evidence indicates that transformation from a "benign" adenoma to a pituitary carcinoma is accompanied by accumulative changes in molecular pathway abnormalities. From recently report, we found that cyclin D1 (CCND1), vascular epidermal growth factor (VEGF), Matrix metalloproteinase 9 (MMP-9), microRNAs and Cyclin-dependent kinase inhibitor 1 (p21 Cip1 ) were upregulated in pituitary carcinoma, O6-methylguanine-DNA methyltransferase (MGMT), cyclin-dependent kinase inhibitor 2A (P1 6 Ink4A ), Apoptotic proteins (Bcl-2, Bax, Bcl-x) and Metallothionein isoform 3 (MT3) were downregulated in pituitary carcinoma [4] . However, the details of this process is still unclear.
We did not find any metastases in this patient and therefore could not confirm a diagnosis of carcinoma. But the evidence that were available strongly suggested the malignancy of this tumor. MRI and CT scans showed that the tumor had invaded the surrounding sellar structures, including the cavernous sinus, sphenoid, orbital bones and middle fossa bones. The pathology revealed frequent mitosis, with ki-67 expression in approximately 80% of the tumor, which was also p53-positive. Some studies have demonstrated that quantitation of the ki-67 labelling index may discriminate between pituitary carcinomas (mean ± SD for ki-67 LI, 11.9 ± 3.4%) and other adenomas (mean ± SD for ki-67 LI, 1.4 ± 0.15%) [2] . This finding led to the proposal that pituitary tumors that exhibit a ki-67 labelling index of more than 10% should be classified as atypical, independent of other criteria [5] . Despite the fact that no prospective studies have supported this conclusion, a high proportion of ki-67-positive cells may remind the clinician to "flag" a patient early in their history because these pituitary tumors exhibit the potential to recur and have the potential to become carcinomas. The patient in this study had a tumor that was approximately 80% ki-67-positive, which is much greater than a carcinoma and should therefore have been treated in a differently manner than other atypical pituitary adenomas. P53, a tumor suppressor, is a nuclear phosphoprotein that is essential for cell proliferation. While p53 is often found mutated in many human cancers, it is not mutated in pituitary carcinomas. However, nuclear p53 immunoreactivity is correlated with pituitary adenomas invasiveness [5] . Its usefulness in distinguishing atypical pituitary adenoma from pituitary carcinoma is therefore limited. The high proportion of p53-positive cells in the tumor described in this case study was not enough to diagnose it as a carcinoma, but it was enough to indicate that this tumor should have been treated differently.
Pituitary carcinoma is very rare, with one study reporting that only 165 cases have been reported in the English literature. A prospective study involving a large sample size is therefore impossible, and our knowledge of pituitary tumors comes primarily from case reports. We believe that each case of pituitary carcinoma or atypical pituitary adenoma that presents with a high degree of malignancy, such as that described in this case study, should be carefully studied and that this type of clinical experience is as important as the conclusion that come from randomized controlled trials.
In this case study, a high proportion of ki-67 positivity and extensive p53 positivity suggested that this tumor as highly proliferative, and MRI and CT showed that it had invaded into surrounding structures. The patient experienced frequent tumor recurrence, underwent three operations, and finally died within a short period of time. All of these factors support the notion that her tumor was a malignant one. The routine therapy for pituitary carcinoma includes surgery, radiotherapy and chemotherapy, which is the same to treat benign pituitary tumors. However, the outcome from this multimodal treatment regimen was in this case unsatisfactory. Surgical resection did not halt the progression of her tumor, and debulking the tumor size to release her symptoms. Park KS et al. reported that gamma-knife radiosurgery was effective in controlling pituitary carcinoma growth over 3 years [6] . Besides that Novruzov F et al. found that peptide receptor radiotherapy with 117 Lu DOTATATE has shown to be effective in stopping pituitary carcinoma growth for more than 4 years [7] . However, there is no clinical trialbased data have demonstrated that traditional radiotherapy is effective in improving survival in patients with pituitary carcinoma [8] . Radiotherapy was also used in this patient, but it did not control the regrowth of the tumor. No randomized prospective studies of systemic chemotherapy have been conducted in patients with pituitary tumors, and the drugs used, in addition to their modes and their durations of administration, have varied widely. This tumor exhibited a high rate of proliferation, indicating that it might have been sensitive to chemotherapy. Temozolomide (TMZ), an alkylating chemotherapy drug that was approved for use in glioblastoma therapy, has been used to successfully treat pituitary carcinomas, and it has more recently been used to treat invasive and/or recurrent pituitary adenomas [9] . M Losa et al. reported that temozolomide treatment had a wide range of efficacy in patients with pituitary carcinoma or locally aggressive pituitary adenoma and positive staining for MGMT seems likely to predict a lower chance of response [10] . Our patient did not undergo chemotherapy, but we believe that aggressive chemotherapy might have been a good choice in her case.
In a word, it is not enough to depend solely on the presence of metastasis to diagnose a pituitary carcinoma. Some atypical pituitary adenomas that present with a high rate of proliferation and clear invasion into surrounding structures should be regarded as malignant tumors. Aggressive treatment can be used early in these patients because metastasis can occur in the latest stages of the disease. Moreover, when a clinician encounters an atypical adenoma with such a high ki-67 index, chemotherapy might be a good option, but this needs to be verified in more cases. 
